In this study, the as-cast microstructure of a high Zn-containing Al-Zn-Mg-CuZr alloy and its evolution during two-stage homogenization were investigated by means of optical microscopy (OM), scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), X-ray diffraction (XRD), and differential scanning calorimetry (DSC) analysis. The analysis shows the eutectic structures in as-cast the alloy were identified as α(Al) / Mg(Zn,Cu,Al) 2 , and also some Al 2 CuMg, Al 2 Cu and Fe-rich phases formed in the eutectic structures during solidification. With the prolonging of the second stage homogenization time, S(Al 2 CuMg), θ(Al 2 Cu) and Mg(Zn,Cu,Al) 2 phases orderly dissolved into the matrix, and the insoluble Fe-rich phases exist in all five as-homogenized schemes in this study, but Zn and Mg elements changes detected in the these particles during the two stage homogenization.
INTRODUCTION
The high strength Al-Zn-Mg-Cu (7xxx series) aluminum alloys are extensively used in the commercial aircraft structures as well as various critical military bridges and vehicles due to their excellent mechanical properties developed during the agehardening process, high strength to weight ratio, fracture toughness and SCC resistance [1] [2] [3] . In the past decades, 7xxx series aluminum alloys and their process innovation have led to higher strength-level than before, with more reasonable designing of the major alloying elements and addition of trace elements such as Zr, Sc, etc [4, 5] . In the early 21 st century, some wrought aluminum alloys with very _______________________ high Zn content higher than 8.4wt%, such as AA7136, AA7095, AA7056, were registered as international designation successively, aims to replace the ultra-high strength AA7055 alloy for aerospace applications [5, 6] . It is well known that homogenization process is very important for high alloying elements content 7xxx series aluminum alloys, because the microsegreation of Zn,Cu, and Mg elements and coarse intermetallic particles results in poor comprehensive properties [7, 8] . Furthermore, the two-stage homogenization is widely known as not only dissolving the intermetallic particles into the aluminum matrix, but also controlling ideally the precipitation of Al 3 Zr dispersoids in the wrought 7xxx series aluminum alloys with addition of zirconium [6, 7] . However, the study on microstructure in as-cast Al-ZnMg-Cu aluminum alloy with high Zn-containing (>9wt%) and its evolution during homogenization is still very limited. In the present study, the constituents in the ascast microstructure of a novel Al-Zn-Mg-Cu alloy (Zn containing close to 9.5wt%) and their evolution during various two-stage homogenization treatments. The aim of the present study is to achieve an primary understanding of the as-cast constituents and their dissolution during homogenization related to the kind of 7xxx series aluminum alloys with very high Zn-containing. Also, this will be helpful for the processing optimization for the alloy products during their fabrication.
EXPERIMENTAL
The materials used in this study were prepared via conventional direct chilling (DC) method in the industrial scale. The chemical composition of the alloy is shown in Tab.1. The semi-continuous cast ingot was 200 mm in diameter. Specimens cut from the position at 1/2 radius from the center to edge of the ingot were conducted on two-stage homogenization at 440 ℃ for 12 h plus at 468 ℃ for various time (6h,12h, 24h, 30h and 36h). All the specimens after two-stage homogenization were water-cooled to room temperature to achive the ashomogenized microstructures. The samples were prepared using the standard metallographic methods for microstructural observation. The samples were polished mechanically and etched in a solution of 2.5vol% HNO 3 +1.5vol% HCl+1vol% HF. The microstructures were observed using a Zeiss Axiovert 200 MAT model optical microscope (OM). A JEOL JSM 7001F scanning electron microscope (SEM) with energy dispersive spectroscopy (EDS) working at 20 kV was used to observe as-cast and homogenized microstructures of the samples. The phase analysis was carried out by by X-ray diffraction (XRD), Rigaku D/Max 2500 diffractometer, and 0.5 deg step. The melting temperature associated with the constituent particles in the as-cast specimen was measured by differential scanning calorimetry (DSC) conducted on NETZSCH STA 409C/CD instrument with a heating rate of 10 K/min ranging from room temperature to 550 ℃. Fig.1 shows the typical as-cast microstructures of the alloy, which exhibits typical dendritic morphology, and consists of aluminum-rich solid solution and an interdendritic network of intermetallic compounds around the primary grains. It can also be seen that the grain boundaries were decorated by large, irregular eutectic phases and intermetallic particles, which has a detrimental effect on mechanical properties of the alloy [6] . SEM and EDS analysis were used to examine the morphology and chemical composition information of the eutectic phases presented in the as-cast alloy. The typical back-scattered electron images of the as-cast alloy were shown in Fig.2 . From the EDS analysis listed in Table 2 , it can be found that the bright phase contain Al, Zn, Mg and Cu, is close to AlZnMgCu phase in some positions (Marked as arrow D and F in Figure 2 ). The dark gray phases (Marked as arrow B and C in Fig. 2) were detected with relative low Zn content, it might be considered as S(Al 2 CuMg) phase. Meanwhile, the light grey phase (Marked as arrow E in Fig. 3d ) contained little Zn and Mg elements, its composition is very close to stoichiometric Al 2 Cu phase. Also, Fe element was detected by EDS (Marked as arrow A in Fig. 3a) , approving the Fe-rich phases presented in the ascast microstructure.
RESULTS AND DISCUSSION
X-ray analysis was undertaken to identify the microstructure in the as-cast alloy, as shown in Figure 3 , it's very clear to see that XRD peaks arisen from the α(Al) and MgZn 2 . This indicates the majority of constituents in the as-cast alloy were the phases with the crystal structure of MgZn 2 . However, Tab. 2 shows no presence of the phase found in the alloy with the strictly stoichiometric MgZn 2 . On the contrary, the EDS results shows the low-melting constituents with higher Cu and Al contents than the average level of designed composition in the alloy. Therefore, in spite of more contribution of Al matrix may be involved in the EDS signal of the MgZn 2 because of its relative small size, it can still be inferred easily that the phase of MgZn 2 was dissolved by the Cu and Al elements as replacing the Zn atoms, and resulted in the forming the Mg(Zn,Cu,Al) 2 phase, which is consistent with some reported literatures [6, 9] . Furthermore, the other three kind of secondary phases were identified as Al 2 Cu, S(Al 2 CuMg), Fe-rich phase according to the EDS results, but these phases can not be measured by XRD analysis may be owed to their relative small amount in the as-cast alloy. In a word, it was concluded that nonequilibrium eutectics in the as-cast alloy consisted of Mg(Zn,Cu,Al) 2 , S(Al 2 CuMg), θ(Al 2 Cu) and Fe-rich phases, and S(Al 2 CuMg) phase has a trend of intergrowth within the lamellar structure of α(Al) and Mg(Zn,Cu,Al) 2 phases. The DSC thermogram of the as-cast alloy is shown in Figure 4 . It can be found that there is an obviously endothermic peak appearing at 472.2℃ in the DSC curve, corresponding to the start melting temperature of non-equilibrium eutectic phases. Typical SEM images of the microstructures after two-stage homogenization at 440℃ for 12 h plus at 468℃ for various time are shown in Fig.5 . It can be seen that the characterization of eutectic structures dispears gradually during two-stage homogenization treatment, and continuous mixture of phases change into isolate particles. There are no small particles precipitate observed inside the grains, it might be attributed to the samples were quenched into the water quickly after homogenization. After two-stage homogenization at 440℃ for 12 h plus at 468℃ for 6h, the S(Al 2 CuMg) and θ(Al 2 Cu) phases are almost invisible, and some residual coarse particles were identified to the Mg(Zn,Cu,Al) 2 phase and Fe-rich phase respectively (Marked as arrow A and B in Fig.5a ), according to the EDS results in Tab.3. With the prolonging of the second stage homogenization time, the amount of residual Mg(Zn,Cu,Al) 2 phases decrease gradually, and no Mg(Zn,Cu,Al) 2 observed in the alloy after two-stage homogenization at 440℃ for 12 h plus at 468℃ for 24h, this indicates the soluble primary eutectic structures have been almost dissolved into the matrix. From Fig.5 , it can also be seen that the Fe-rich phases existed in all five as-homogenized specimens in this study, and EDS analysis reveals that Zn and Mg elements detected in the Fe-rich particles decrease gradually with the prolonging the second stage homogenization time. Finally, there are almost no Zn and Mg elements detected in the Fe-rich paticle of the alloy after two-stage homogenization at 440℃ for 12 h plus at 468℃ for 36h, and in this case, the composition of Fe-rich paticles is very close to stoichiometric Al 7 Cu 2 Fe, marked as arrow G in Fig.5(e) . 
CONCLUSIONS
(1) The non-equilibrium eutectics in the as-cast alloy consisted of Mg(Zn,Cu,Al) 2 , S(Al 2 CuMg), θ(Al 2 Cu) and Fe-rich phases, and meanwhile, S(Al 2 CuMg) phase has a trend of intergrowth within the lamellar structure of α(Al) and Mg(Zn,Cu,Al) 2 phases.
(2) After two-stage homogenization at 440℃ for 12 h plus at 468℃ for 6h, the S(Al 2 CuMg) and θ(Al 2 Cu) phases are almost invisible, and then no Mg(Zn,Cu,Al) 2 observed in the alloy when the second stage homogenization time achieved 24h.
(3) The Fe-rich phases existed in all five as-homogenized schemes in this study, but Zn and Mg elements detected in the Fe-rich particles decrease gradually with the prolonging the second stage homogenization time, there are almost no Zn and Mg elements detected in the Fe-rich paticle of the alloy until 36h, the Al 7 Cu 2 Fe 
